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PROBE MICROANALYSIS

Robert Raymond, Jr.

Geosciences Division

Los Alamos National Laboratory

Los Alamos, NN, 87545, USA

Introduction

The electron probe microanalyzer (EPN) uses a finely focused elec-

tron bean that Impinges on a polished sample, generally at 15-20 keV,

producing x rays characteristic of the elements present in the sample.

In oene~al, EP14 results should be accurate and reproducible to ~2% of

the amount present for nest najor elements. Relative accuracy decreases

with dccreasinq elemental concentrations. For elem~ntal concentrations

atlout 1 wt%, relative accuracy should be within 15’A. The following

shows how the EPI; may he used for quantitative analmysis of orqanic

sulfur in coal .

l“hcLPI:I,nproact,

The I’vnericanSociety for Tcstinq and I’,atcrials(ASlli)Standard Test

bletlloclL2492-6h for shlfur analysis in coal specifies the analytical

cletenlination of values for total, pyritic and sultatc sultur. Lmani c

sulfur is calculated b.y subtracting n.yritic an6 sulfate sulfur frnr:tho

total . The prccrdures arc aird ai nrovidinc rarid, inexpensive, and

r~nrof!ucihle data for coal utilization. The pyritic, sulfate, find

ornanic sulfur contents reported h,ythe nroccsses adequatclv reflect th~

amo[lntof sulfur thot can he removed hy sizina, %pccific or~vity separa-

tion, and hindered settling *.1’chniqurs. but an,yerror in total, pyritic

or sulfate s!ilfur clet~minetion h’ill show up as an errnr in oraanic

%ulfur determination. Reasons for ~rror in pyritic su?tur dptcrnirla-

tinns hav(~he~n reported (Edwards et al., 1!+64;(ireer, 1977).

EPH has inportant adv~ntages over conventional methods of analysis

for oroanic sulfur in cn?l: analysis b,y EPlt is done directly, thus

avoiding problems associated with calculating organic sulfur content by

difference; orqanic sulfur c.intents of Individual macerals can bc

measured in situ in a sample; and organic sulfur tinal.ysiswith the EPII,

is both non-destructiv~ and rapid.
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Initially Raymond and Gooley (1978) calculated the organic sulfur

content of a coal with the EPid using a mean modal analysis technique.

In this prccess the mean organic sulfur content of each maceral type was

deten’’tinedand multiplied by the weight percent of that maceral in the

dry coal sample. The sulfur contents contributed by individual mticeral

types were then sum’ned to cjlve the total organic

coal (Table I).

HACERAL

Vitrlnite
Pseudovitrinite
Fusinitc
Serifusinite
SDorinlte
Ilicrinite
Hacrinlte

i
Wt% s

0.61
0.56
0.27
0.44
(J.64
0.59
~lo51

MACERAL
wt.%.—

52.8
16.4
6.2
6.2
6.LI
2.8
LJ.7

sulfur content of the

Wt% s /
HACER8L

0.32
0.09
0.02
0.03
0.04
0.02
((J.LK14)-

Total 50 (dry) = 0.52 wt:,,

Tal~lo I: Comprehensive LPI-Imethod of oraanic sulfur analysis

To measure the validity ot ttm EPII,technique coals were chosen In

wllict sulfatr sulf[lr as dcterr!in~d t~.yASTI:methods eoualed zero and in

writ’1 ~.yr+tic sulfur was ninlnal as detcrnineci by ASTI1 m~thods and as

rhlsfirv~dby optical microscopy. Sinco Inortaanic sulfur contents wcrr

an,y discrrpancics bctwc(’n EP;: and ASTli orqanic sultur contents

inacc[lrate pyrite fir sulfate analysis shollld also bc sm~ll. As

seen in lahlc 11 the EPi’ianal,ysos very closely approached those

ASTI1.

ASTI; A$l”li EPI.I
CCIAL I’!AIIKiJY;:ITICS 0R6AI;1C S ORG~\l,ICS—.

iJ.Elkhorn #3 hvAb U,LJ1 (J,61
Otlin P5 Suhc 0001 0092
L. F.lkhorn hvAh L).03 (1.52
I+aznrd +7 hvAb U,(J3 0,51
U. Sunnyside hvAb 0.06 0.59
Rlind Canyon hvAb 0.13 Ll,33
LJietz*3 subc 0,13 0,15

contmts as dry

U.b3
(J,94
U.5U
[),5[{
U0ti6
U.41
(.JSlti

Wt’,.

Tnhle 11: ASThi/EPllcomparative study

The comprehensive LPI*Imethod discussed above is cxt-crncly tii~c

ccnsuninqm The method requires point counting the %ample to dctcnllnc
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the wt% of the various macerals. An oil innnersion photomosalc has to be

prepared for identification of analytical sites once the sample has been

placed in the EPhl. Finally, greater than 60 EPN analyses must be per-

formed to detenn+ne the organic sulfur content of a single coal sample.

Data derived from analysis of numerous coals using the comprehensive

method, though, provided us with a better EPtdapp-each.

The comprehensive method was performed on 29 coals that represented

27 seams from 13 states - the contiguous USA. Rank of the coals ranged

from subbituminous C to low volatile; total sulfur contents ranged from

0.29 to l(J.16 wt% (daf). The organic sulfur contents of the coals

determined b.y the comprehensive EPIWImethod are plotted vs tt,~ organic

sulfur content nf respective vitrinite components (Fioure 1). The best

linear fit of the data has a correlation coefficient of LI.g9, a

,y-intcrceDt of -(J.03, and a slope of (J.9~. Empirically, the oraanic

sulfur content ot a coal essentially equals the organic sulfur content

of its vitrinitc.

u
.“

Figure 1:

Organic sulfur coal vs.
organic sulfur vitrinite
(all measurements by EPM)

0.0 1.0 2.0 3.0 4.0 5*O

50 VITRINITE (dmmf wt%)

Raymond (1?75) showea that a general relationship exists in most

coals with respect to oroanic tulfur contents of the maccrills:

sporinitc, resinite > micrinitc, vitrinitc > psucckwltrinitc > senl-

fusinitc ~ macrinitc > fusinite. How then can the vitrinite orqanlc

sulf.r cnnt~nt be representative ot all macerals present in a coal

sample? In most ot the 29 coals discussed above (as is the case in most

coals) the vitrinitc macerals domlnatc (Table 111). lIIUS the vitrinltc

organic sulfur cont~nt hns a major intlucnce on the organic 6ultlr
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i Wt% RANGE—.

Vitrini te 78.5 38.9-92.2
Inertinite 17.3 9.1-38.9
Liptinite 3.7 0.0-19.2

Table III: Analysis of maceral constituents for 29 coals
(maceral wt%on a dmnf basis)

content of the coal. But what of the coals containing as little as 38.9

wt% vitrinite? Table IV contains the wt% of the various macerals found

in two coals and the organic sulfur contel)ts of those macerals. As can

be seen in Table IV, the vitrinite organic sulfur contents approximate

the organic sulfur contents determined from the weighted mean of the

other macerals present. Therefore, as well as corunonly being the most

dominant maceral, the vitrinite contains an organic sulfur content

ecw’ivalent to the mean of all the macerals.

U. Elkhorn hvAb Coal

wt’ylof sample
Wt% s

o

so Vit. = 0.73

wt% of sample
Wt”,s“

So Vito = 2.93

v Pv F Sf Ila Ili s R—— ——. —— ——

3P.9 7.1 5.3 13.2 13.3 17,6 2.4
0.73 ;::5 0.30 0.38 (J.64 0.60 0.94 1,(13

S0 (wt’d ;) rmaining maccrals = 0.67 So coal ❑ U.69

Ohio 44 hvllhCoal

v Pv F Sf Ila III s—— —— .— —

72.0 3.() 3.9 5.7 0.3 7.8 7.3
2.93 2,56 0.73 1.51 0,92 2*9C 3.89

SO (wt’d ~) remainlngmacerals “ 2.50 So coal = 2.8(J

Tahlc IV: Relationship between organic sulfur contents of vitrinitc,
remaining macerals, and whole coal (S wt% on dmmf basis)
V = vltrirdtc, Pv ■ pseudovitrlnlte, F ■“fuslnlte, St u scml-
fusinitc, Ma = macrinlte, !ii ❑ micrlnite, S= sporiolte, R ❑

rpslnite

There are two factors making it advantageous to measure the organic

sulfur content of tiitrinlte t“ detemine the organic sulfur co~ltent of a

Co!’1, The most obvious is that the numb~r of EPH analyses will be

fewer. For each of’ the coal samples listed in Table V, Raymond et al.

(19~0) anal,yzed UP xo 4U0 vitl’inite grains for organic SU1fur content

both with and without the aid of photomosaics. Usinq a t-statistic
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COAL RANK SULFURwt% (daf) ~

Tebo hvBb 9.37 13-14
Ohio #5 subC 1.02 10-12
U. Sunnyslde hvAb 0.69 5-6
L. Klttanning low Vol 2.81 7-9

Table V: Number of analyses (n) necessary to give a maximum desired
variability when analyzing for organic sulfur with EPN

approach they calculated the number of analyses (n) fcr each run neces-

sary to give a desired maximum variability of 10%, at the 95% confidence

level, frcnnthe true mean as defined by 100 analyses. As can be seen in

Table V, in no case was it necessary to analyze more than 14 vitrinite

areas. The second advantaqe to analyzing only vitrinite is that R&yrond

et al. (1980) were able to achieve essentially identical results both

with and without the use of photmosaics, Using texture and morpholor.y

tc identify areas of vitrinite after the sample had been placed In the

EPM war as successful as identifying the vitrinite usinfl nil-immersion

tnicroscop.y prior to analysis. Thus the need for photrnosaics was

eliminctft.

EPH anal,ysis for orq~nic sulfur content can be performed easilmy on

-20 to -100 mesh coal samples. Samples need only he mounted in epoxy

and pollshed as coal samples are commonl,y prepared for petrographic

cxanination. 15 areas within non-contiguous vitrinite qrains at-e ana-

lvzwl with the EPI’I. Mithout the need to produce n photomosaic, the

nrqanic sulfur content of vitrinlte, and th~relore of a coal, may bc

cletcrrlinedin lCSS th~n 10 minutes,

To test the EPbl method coals were analmyzed for which the ASlli

oroanic sulfur values were corrected for unextractecl iron. $s discussc+

by Suhr and Given (In press) such a correction would take Into account

the effect of any p,yrite that remained unt?xtracted followlnq the ASTtl

Standard Nethml D2492-6h. As can be seen from the data in Iablc VI, the

EPN ora~nic sulfur contents are vcr,’;close to those of the correctwl

ASTllvalues.

Usinq tl,eEPM method, the potential exists to achlcve ver,y rapid,

multiple oraanic sulfur analyses, which in turn will tillcw for rapid,

detailed measurew~ents of variations in organic sulfur content occurring

#cross COR1 seams.
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L. KITTANNING hvAb/hvBb COAL

ASTM*

SAhlPLE S- (dlff.) >(corr.)

1273 1.54 1.49
1276 2012 2.07
1277 2.09 2.04
1279 0.55 0.44
1282 0.61 0.53
1299 1.28 1.19

EPM

~

1.50
2.09
2.08
0.60
0.57
1.09

Table VI: Coals containing pyrite - EPM S vs documented ASTM S
* ASTM data after Suhr and Givefl (in press) (all valu~s as
drmywt%)
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